SUMMARY Formalin-fixed brain slices from four cases of subcortical arteriosclerotic encephalopathy in which a firm diagnosis could be made both clinically and pathologically have been studied by magnetic resonance imaging (MRI). The slices were subsequently embedded in paraffinwax or celloidin and sections were cut in the same plane as the MRI slices. There was a good correlation between the extent and severity of the abnormal MRI signal and the pathological changes. Areas of diffuse MRI abnormality corresponded with areas of axonal and myelin loss with gliosis, and small "lacune"-like lesions corresponded with lacunar infarcts histologically. Sparing of the subcortical U-fibres was seen histologically and on MRI. The abnormal signal probably originates from increased tissue water attributable to gliosis and an expanded extracellular space.
Subcortical arteriosclerotic encephalopathy (SAE) was originally described by Otto Binswanger in 1894 as "encephalitis subcorticalis chronica progressiva".'
The disease most often affects hypertensive patients in the sixth or seventh decade of life. 24 There is usually a history of dementia, stroke and a stepwise deterioration with development of focal neurological signs, pyramidal and extrapyramidal. " Accepted 27 June 1989 MRI signal in MS correspond with plaques histologically." '20 As no such correlation has been made in SAE, we have carried out a similar study on the brains of four patients in whom a clinical diagnosis of this disorder had been confirmed at necropsy.
Material and method
In the Neuropathological Department of Maida Vale Hospital there were four cases in which the diagnosis of SAE had been established pathologically. Sufficient data were available from case notes to make a firm clinical diagnosis, and adequate material was available for MRI and correlative neuropathological study. These brains provide the basis for this report. They had been kept in formalin for one to 12 years. All had been sectioned previously but slices approximately 10 mm thick had been preserved in formalin. Slices from the cerebrum, cerebellum and brainstem were investigated by MRI using a 0 5 Tesla imager (Picker International). Hemisphere slices were studied using standard head gradient coils and 10 mm MRI slice thickness. The usual sequence was a Carr-Purcell-Meiboom-Gill multi-echo sequence (TR 2000, TE 40-320 Arteriosclerosis of small arteries The images obtained from the fixed brain slices which had been in formalin for up to 12 years were, not surprisingly, of poorer quality than those routinely obtained in vivo. Nevertheless, after trying a variety of sequences we identified three (see methods) which gave sufficiently good differentiation between grey and white matter, and between normal (fig 2) and pathological brain (figs 3-5) for us to obtain images which could be usefully compared with subsequent histological preparations in the same planes.
MRI reflected the distribution of the pathological changes. There was good agreement between the abnormal images and the corresponding histological sections with areas of abnormal signal affecting the (fig 3a) , although the outlines were not precisely the same. This difference is to be expected, since the MRI represents averaging of the signal over a slice 10 mm thick whereas the histological sections were 20 um thick.
There was variable extension into the gyral white matter in hemisphere slices, but with characteristic sparing of the subcortical U-fibres (large arrowhead, figs 3a and 5a). Ventricular dilatation was a universal feature. It was not possible to assess adequately the presence or absence ofcallosal atrophy on one coronal slice. Small rounded areas of high signal ("lacune"-like lesions) were seen on MRI in the deep white matter of the temporo-parieto-occipital slice of case 1 (fig 4a) and in the putamen in case 2. Localised high signal involving the pons was seen in cases 1 and 2. The areas of abnormal signal were seen on proton density, T2-weighted (spin echo) and Tl-weighted (inversion recovery) sequences. With multi-echo sequences changes were seen best with spin echo times, TE 80 and 120. STIR sequences (TI 100) showed changes more clearly than more conventional inversion recovery sequences (TI 500), but no major difference between the results of spin echo and inversion recovery sequences was discernible. CASE 1 (brain in formalin for 12 years) This male patient had died at the age of 47. He was known to have had poorly controlled hypertension for five years. At the age of45 he suffered a stroke with left hemiparesis and over the subsequent two years his condition gradually deteriorated. A progressive Table 3 Correlation ofMRI and histological results change in personality was noted by his relatives. Three weeks before his final admission to hospital, by which time he was markedly demented, he suffered an episode of worsening ataxia over three weeks associated with failure to take his hypertensive medication. On admission he was restless and hyper- tensive (220/145 mm Hg). There was hypertonia of his left side with a left extensor plantar response. He later developed a flaccid hemiplegia first on the left and then on the right followed by coma. He died after 5 days. Two hemisphere slices originating from the frontal lobe and the temporo-partieto-occipital region were studied. The frontal slice was taken through the rostrum of the corpus callosum (fig 3) and the temporo-parieto-occipital slice through the trigone (fig 4) .
The areas of abnormality on the MRI broadly corresponded with the areas of visible abnormality on the cut surface of the brain. Stained sections showed that the areas of high signal corresponded with areas of intense gliosis in regions of severe axonal and myelin loss. Histologically there were scattered circumscribed areas of relatively better preserved myelin. This was obvious, for example, on the frontal slice where occipito-frontal fascicles were better myelinated, which corresponded to an area of relatively lower signal in a region of abnormally high signal on MRI (brackets, fig 3a) . A large circumscribed area of low signal was seen to involve the right putamen corresponding to a large cyst at histology, as a result of past haemorrhage (small arrowheads, fig  3a) . The lumen of the cyst was exposed on the cut surface of the brain slice and was empty of fluid. This would account for the cyst appearing as an area of low signal rather than high signal on MRI. The "lacune"-like lesion seen on the MRI of the temporo-parietooccipital slice (arrowheads, fig 4a) corresponded with a small cystic region surrounded by intense gliosis (arrowheads, figs 4b and 4c) thus providing direct confirmation that such images in the appropriate clinical setting correspond with small, old infarcts. The lacunar infarct was deep within the brain slice at MRI and was thought to contain fluid, which would account for the area of abnormal high signal from the lacune on MRI as would be expected in vivo.
In the rostral pons there was atrophy with axonal and myelin loss of the fascicles of the corticospinal tract on the right side, with accompanying gliosis. This corresponded with abnormal signal on MRI.
Discussion
This study shows that areas ofabnormal signal seen on the MRI images of post-mortem brain in patients with SAE correspond with the characteristic lesions histologically. This conclusion applies both to the diffuse changes in the white matter and the focal "lacune"-like changes. Similar MRI changes are seen in vivo and it is reasonable to conclude that in a similar setting their pathological basis is the same. '8 The 
